Objectives: International guidelines recommend that rehabilitation be offered to people with thoracic cancer to improve symptoms, function, and quality of life. When rehabilitation interventions require a change in behaviour, the use of theory and behaviour change techniques (BCTs) enhance participation. Our objective was to systematically identify BCTs and examine their use in relation to the Capability, Opportunity, Motivation-Behaviour model and known enablers and barriers to engagement in this population.
remain active and independent. 4, 5 It is recommended that rehabilitation, such as exercise or interventions to support independent symptom management and self-care, be integrated into the oncology treatment pathway starting from the point of diagnosis. 4, 6 The acceptability of rehabilitation interventions to patients with thoracic cancer is influenced by many factors including, the stage of disease, symptoms, comorbidities, cancer treatment intensity and overall health status. These factors interact with the patient, carer and clinician's recognition of rehabilitation need and perceptions about the possible benefits, harms, and demands of proposed rehabilitation intervention(s). [7] [8] [9] [10] [11] [12] Where benefit is perceived as being important and achievable, the acceptability of an intervention increases. 7 Most rehabilitation interventions require patients to carry out health-related behaviours. 13 For example, to improve muscle function, patients are required to undertake regular aerobic and resistance exercise or physical activity behaviours. 14 As outcomes depend on changes in health-related behaviour, it could be argued that intervention components must be selected to target the desired change in behaviour, to achieve change in the health outcome. The targeted behaviour(s)
should also be underpinned by theory that explains how the intervention is expected to cause the outcome. [15] [16] [17] Established tools from behavioural science provide a theoretically derived framework to support the design of interventions that involve people changing or adopting behaviours related to health 18, 19 as demonstrated by recent cancer rehabilitation studies. 20, 21 The "Capability, Opportunity, Motivation-Behaviour" (COM-B) model developed by Michie and colleagues is a model used in practice to design and evaluate interventions involving changes in behaviour and illustrates the conditions needed for behaviour change. It posits that providers and recipients should have the capability (physical and psychological), opportunity (physical and social), and motivation (reflective and automatic) to adopt the behaviours for change to occur. The COM-B is widely recognised and has recently been used to explain barriers and enablers to rehabilitation in patients with thoracic cancer. These included patients' physical health, mood, lifestyle, and beliefs, as well as organisational factors such as location, format, and clinician encouragement. 11 Our review aimed to identify and critically appraise use of behavioural theory frameworks within trials of rehabilitation interventions for people with thoracic cancer. Our objectives were to identify health-related behaviours targeted, underpinning behaviour change theory, and behavioural change techniques (BCTs) used.
We then appraised the use of BCTs relative to known enablers and barriers to rehabilitation and, subject to the availability of data, assessed the influence on uptake and completion of rehabilitation interventions.
| METHOD
The protocol was registered on the National Institute for Health
Research International Prospective register of Systematic Reviews (PROSPERO) (ID42017056378).
| Eligibility criteria

| Types of studies
Randomised controlled trials, quasi-experimental studies, and mixed methods studies of rehabilitation interventions with any health-related outcome. Conference abstracts and papers not published in peer review journals were excluded.
| Types of participants
Studies with adult (≥18 years) participants, where over 50% of participants had a clinical or histological diagnosis of inoperable non-small cell lung cancer, small cell lung cancer, or mesothelioma, receiving any non-surgical treatment with curative, life extending, or palliative intent.
| Types of intervention
Pilot searches identified few studies using the term "rehabilitation" in this population. 
| Study selection
The Preferred Reporting Items for Systematic Reviews and MetaAnalyses 22 flow diagram was used to report the study selection process.
Two reviewers (J.B., M.M.) screened titles and abstracts against the eligibility criteria. All full texts were reviewed by 1 reviewer (J.B.), and 1 of 2 independent reviewers (D.W., N.H.) reviewed 8 full texts selected at random. Any disagreement regarding eligibility was resolved through discussion between additional members of the review team. All references were stored and managed in Endnote software, Version 7
(Thomas Reuters, Philadelphia).
| Data extraction and handling
Two reviewers (J.B. and D.W./N.H.) independently extracted data on study design, participant and intervention characteristics, and participant flow using a data extraction form with any differences in extracted items resolved through discussion. J.B. received training on BCT coding at the Centre for Behaviour Change, University College London. We extracted the described intervention target health-related behaviours, BCTs, and information on the delivery of the intervention, using the TIDieR checklist. 23 BCTs describe the "observable, replicable, irreducible components of an intervention designed to change behaviour" and were coded using the Behaviour Change Techniques Taxonomy (version 1) . 24 The taxonomy comprises 93 discrete BCTs that target a person's capability, opportunity, and/or motivation to maintain or adopt specific behaviours and skills. 18 BCTs were coded only where explicitly reported, in accordance with Michie et al's recommendations. 18 When relating BCTs to the COM-B model, text from study titles and main text including methods, and results (eg, qualitative quotes)
were drawn upon. Published protocols and supplementary papers, eg, process evaluations, were also used alongside primary articles.
| Synthesis
A narrative synthesis of the findings was completed and informed by Popay's general framework. 25 The synthesis was carried out in 4 40 Thailand, 41 China, 35 Canada, 34 Hong Kong, 43 and Taiwan. 30 Patients with nonsmall cell lung cancer were included across all studies; in contrast, patients with small cell lung cancer, mesothelioma, and metastatic lung cancer were included in 19, 6, and 2 studies, respectively (Table 1) .
| Health behaviours targeted
All studies involved participants modifying health-related behaviours, although 2 main categories were apparent: exercise (15 studies, 761 participants) and symptom self-management (12 studies, 1344 participants) ( (Table S1) . 45, 46, 49, 50 Of the symptom self-management studies, 7 offered a breathlessness management intervention, 36-39,44, Eleven symptom self-management studies tested 1 to 1 interventions.
One, a psycho-education programme 43 tested a group intervention.
Exercise plans 41, 44 or advice 43 were included in 3 symptom self-management interventions. Details of the plans/advice were not reported.
| Reporting of behavioural theory
Only 5 of the 27 studies (19%) reported the behavioural rationale or theory underpinning the intervention design (Table S1 ). making explicit reference to "behavioural components" and "adaptive behaviours" required of participants in the intervention description.
The remaining 22 studies (81%) contained no explicit reporting of theory but typically provided general bio-psychosocial, pathophysiological, or prior research as the rationales underpinning interventions.
| Use of behaviour change techniques (BCTs)
Twenty-six BCTs relating to provider and participant behaviours were identified across 11 of the 16 hierarchical clusters in the Behaviour Change Techniques Taxonomy (Figure 2 ). Twenty-one BCTs were coded in both exercise and symptom self-management studies. One BCT was only used in exercise studies (generalisation of behaviour target), and 4 were only coded in symptom self-management studies (information about emotional consequences, self-belief, reducing negative emotions, and conserving mental resources). Overall, studies reported a mean (range) of 7 [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] BCTs (exercise studies 7 [4] [5] [6] [7] [8] [9] [10] [11] ; symptom self-management studies 7 [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] ). Full coding of behavioural components performed by providers and/or participants is shown inTable S1. The range of BCTs used was smaller in the exercise studies as compared with symptom self-management studies ( Figure 2 ). For example, 3 of the 7 breathlessness studies included 10 or more BCTs. 42, 44, 53 Here, we present the main findings relating to the domains of the COM-B model ( Figure 3 ) and enablers and barriers to performing intervention behaviours.
| BCTs to maximise participant recruitment and retention
These were rarely reported, although 2 studies had motivation to participate in group-based exercise as an inclusion criteria (Table 1) .
45, 46 Cheville et al based an exercise intervention in the home to enable opportunity for busy patients to participate by reducing travel to a health care setting. 28 Likewise, Greer et al 53 
| BCTs targeting opportunity
"Social support" BCTs were found in most studies but were generally provided by health care professionals to promote adherence to 69 (12) 67 ( Abbreviations: AM-PAC, Activity Measure for Post-Acute Care; BMI, body mass index; CG, Control Group; COPD, chronic obstructive pulmonary disease; CT, computerised tomography; CVD, cardiovascular disease;
ECOG, Eastern Cooperative Oncology Group; ED, extensive disease; GI, gastro-intestinal; IG, Intervention group; IHD, ischaemic heart disease; KPS, Karnofsky Performance Status; LC, lung cancer; NRS, Numerical Rating Scale; NSCLC, non-small cell lung cancer; NYHA, New York Heart Association; PS, performance status; RCT, randomised controlled trial; SCLC, small cell lung cancer.
a Participants may receive more than 1 treatment so number may not equal number in study.
intervention behaviours. Six of the symptom self-management studies (50%) reported health care professionals offering emotional support, to enhance psychological capability and motivation. "Practical social support" for participants was provided within 1 group exercise study, whereby existing participants experienced in the intervention supported new group members. 46 Physical opportunity was FIGURE 2 Number of studies including using behaviour change techniques from each BCT group by health behaviour targeted 18 [BCTs from the following groups were not identified or coded in any of the studies reviewed: Associations; rewards and threats; identity; scheduled consequences; covert learning. BCT 9.1 credible source was coded in all studies and is not presented in the table] FIGURE 3 BCT by COM-B as categorised by Cane et al 26 afforded by "adding objects to the environment", for example training equipment in 13/15 (87%) of the exercise studies and hand-held fans for the relief of breathlessness in 3/12 (25%) symptom self-management studies. Few studies involved carers to address social barriers to opportunity. In 1 symptom self-management study, carers were taught how to provide practical social support for patients using breathlessness self-management techniques as part of the intervention. 44 Physical opportunity also relates to location of delivery. All exercise interventions required at least 1 attendance in a health care setting. In 4 symptom self-management studies, participants could receive the intervention in a health care setting or home depending on participant preference. Screening and accrual data were incomplete, and a visual review of the data (Table S1 ) did not reveal any discernible patterns. As a result, we were not able to determine any relationship between BCTs used, intervention uptake, and completion.
| Methodological assessment of studies
Fewer than 50% of studies were categorised as low risk of bias, and more than 40% were deemed to have a high risk of bias (Table S3) .
Lack of blinding of personnel, participants, and outcome assessors resulted in high risk of performance and detection bias in 26/27 studies. Risk of attrition bias was also high, with 13/27 studies not accounting for missing data. Regarding the quality of intervention reporting, the materials, mode, and location of delivery were generally well reported, as were the frequency, intensity, and duration of intervention components. However, few studies reported behavioural components, underpinning theory, or provider expertise and training (Table S2 ). The fidelity of intervention delivery was most commonly reported using adherence or attendance rates (15/27 studies) or self-report diaries, calendars, or logbooks (11/27 studies). Fidelity was assessed by recording intervention delivery, reviewing study documentation, follow-up telephone calls, or qualitative interviews, but findings were not consistently reported (Table S2 ).
| DISCUSSION
This systematic review has identified that few rehabilitation interven- tions. [56] [57] [58] [59] [60] [61] However, in some reviews, goal setting, self-monitoring, graded tasks, and social comparison were associated with poorer outcomes. 59,60 A systematic review of evidence for interventions promoting habitual exercise in people living with cancer (no thoracic participants in sample) 62 found that use of self-monitoring, behavioural practice, generalisation of behaviours away from clinical settings and goal setting BCTs was associated with exercise adherence. These mixed findings reveal the importance of transparent selection and reporting of BCTs to permit evaluation of outcomes in relation to proposed mechanisms of action. We identified that exercise studies all included practice and frequently used self-monitoring BCTs; however, less than half used goal setting or generalisation of behaviours away from the clinical setting. Pedometers to support step count goal setting were used in 1 exercise study 28 ; however, their potential to enhance behaviour change remains uncertain. 63 Other BCTs associated with positive study outcomes were identified less frequently in our review. These include goal setting with coping planning (problem-solving). 61, 64 No study reported explicit use of implementation intention plans, where goal setting, action planning, and problem-solving are combined. 65 Otherwise known as "if then" plans, they enable participants to manage the impact of problems on capability and motivation for a target behaviour. For example, "If I don't feel in the mood to go for a walk, then I'll ask my friend to come with me". We did not identify use of habit-related BCTs to support practice and action planning. Habit-related BCTs address barriers to motivation and capability and are associated with reduced cognitive demand. 66 For example, habit formation techniques could encourage performance of previously habitual physical activity behaviours that have been stopped due to fears and beliefs surrounding disease and treatment. Increasing the frequency and intensity of such habitual physical activities, rather than introducing an exercise programme, may be more appealing to patients facing a busy treatment schedule or who hold negative beliefs about physical exercise.
The format of rehabilitation services can act as an enabler or a barrier to participation. 10, 11 We identified intervention characteristics addressing barriers related to travel to clinical settings, number of contacts with providers, and supervision. Studies delivering supervised group exercise over multiple sessions in a clinical setting may act as a barrier to motivation and opportunity for some patients, due to personal temperament, travel, or schedule constraints, but as an enabler for others where social interaction is an important motivational factor.
Equally, while some patients may be more motivated to participate in home-based interventions, the relative lack of available social or practical support and unchallenged beliefs or attitudes may act as barriers to participation in this setting. It should not be assumed that when BCTs address the capability, motivation, and opportunity to perform rehabilitation behaviours as part of an intervention, patients will go on to incorporate potentially beneficial behaviours into daily life. A recent trial of exercise in people with lung cancer, published since the review was conducted, incorporated theoretically informed behaviour change sessions yet found no between group differences in self-reported fatigue and physical activity or in objective measures of fitness.
63
Patients may have other competing goals or concerns and prioritise other behaviours. 75 In addition, when behaviours with a mechanism of action to achieve a target rehabilitation outcome are performed, they may not achieve that outcome in all participants. No two studies in this review used the same behaviour change approach. We recommend that behaviour change tools, such as COM-B and the Behaviour Change Wheel 75 or Intervention Mapping, 19 should be used to design future rehabilitation studies in this population. These should identify and report the behavioural components integral to the performance of the intervention, and on which the outcomes depend. A more explicit use of BCTs to target these components may help make rehabilitation interventions more effective and sustained. 
| STUDY LIMITATIONS
We only coded explicit reports of techniques relating to behaviour change within generalised descriptions of interventions. This proved challenging and introduced subjective interpretation which we addressed through independent double-coding and discussion. We did not contact authors for protocols, only obtaining those in the public domain. It is probable that during actual intervention delivery, other
BCTs were used but not reported.
| CLINICAL IMPLICATIONS
Known enablers and barriers to participation should be considered more explicitly when designing and reporting rehabilitation 
SUPPORTING INFORMATION
Additional Supporting Information may be found online in the supporting information tab for this article. No behaviour change required of participants within rehabilitation intervention: (n = 4)
